C ubital tunnel syndrome is the second most common peripheral nerve entrapment neuropathy in the upper limb. It represents a source of considerable discomfort and disability for the patient, and in extreme cases may progress to loss of function of the hand. Cubital tunnel syndrome remains an often misdiagnosed condition.
In this article, I consider the aetiology of the syndrome, its clinical presentation and current concepts regarding treatment.
THE ANATOMY OF THE ULNAR NERVE AND THE CUBITAL TUNNEL
The cubital tunnel is formed by the cubital tunnel retinaculum which straddles a gap of about 4 mm between the medial epicondyle and the olecranon. 1 In turn, the floor of the tunnel is formed by the capsule and the posterior band of the medial collateral ligament of the elbow joint. It contains several structures, the most important of which is the ulnar nerve.
The ulnar nerve is the terminal branch of the medial cord of the brachial plexus, and contains fibres from the C8 and T1 spinal nerve roots. It descends the arm just anterior to the medial intermuscular septum and later pierces this septum in the final third of its length. Progressing underneath the septum and adjacent to the triceps muscle, it traverses the cubital tunnel to enter the forearm where it passes between the two heads of the flexor carpi ulnaris muscle.
This anatomical arrangement has two implications for the nerve. Firstly, the ulnar follows a relatively constrained path, and secondly, it lies some distance from the axis of rotation of the elbow joint. Movement of the elbow therefore requires the nerve to both stretch and slide through the cubital tunnel. Sliding has the greatest role in this process, although the nerve itself can stretch by up to 5 mm.
The unusual anatomy of the cubital tunnel and the well-recognised increase in intraneural pressure associated with elbow flexion are believed to be key issues in the pathogenesis of cubital tunnel syndrome. In addition, the shape of the tunnel changes from an oval to an ellipse with elbow flexion. This manoeuvre also narrows the canal by 55%. Elbow flexion, wrist extension and shoulder abduction increases intraneural pressure by six times.
There are five principal locations where the ulnar nerve may be compressed around the elbow:
(1) Arcade of Struthers (2) medial intermuscular septum (3) medial epicondyle (4) cubital tunnel (5) deep flexor aponeurosis.
Of these, the cubital tunnel is by far the most common.
It has long been recognised that the substance of the cubital tunnel retinaculum can vary dramatically between individuals. In 1991, O'Driscoll et al 1 published the results of an extensive (27 cases) cadaveric study in which he attempted to divide these variations into four types. In a small proportion of patients, the retinacular tissue was found to be completely absent (type 0). In othersas was already understood-it is a muscular structure known as the anconeus epitrochlearis (O'Driscoll type II). O'Driscoll considered a fibrous retinaculum to be more usual, and in this situation, it is traditionally referred to as the arcuate ligament or Osborne's band. Phylogenetically, O'Driscoll considered the arcuate ligament to represent a remnant of the anconeus epitrochlearis muscle.
This detailed study also noted that the tightness of the fibrous retinaculum varied with the position of the elbow. Most commonly (type Ia), it was tense in full flexion and lax in extension, with a few cases being tense at 90-120˚of flexion (type Ib). O'Driscoll went on to speculate that these subtle variations in anatomy might explain why some patients seem to be more predisposed to cubital tunnel syndrome than others. For example, an absent ligament may predispose to subluxation of the nerve.
The Arcade of Struthers is another, variable structure that is a rare cause of primary cubital tunnel syndrome. In a cadaveric study of 60 limbs, Siqueria and Mortins 2 reported only 8 (13.5%) limbs where this musculotendinous structure was discernable, 3-10 cm above the medial epicondyle. When present, it did not seem to compress the ulnar nerve.
However, Siqueria also acknowledged that the Arcade of Struthers functions as a likely site for ''secondary compression''. After transposition of the ulnar nerve, it is common for the mobilised nerve to come under tension on the Arcade of Struthers or medial intermuscular septum, causing secondary impingement.
WHO GETS CUBITAL TUNNEL SYNDROME?
As with all nerve disorders, patients with diabetes mellitus are at increased risk of ulnar nerve symptoms.
Cubital tunnel syndrome is also more common in patients whose work involves protracted periods of elbow flexion (such as holding telephones). In particular, flexion with the elbow pressed against a hard surface increases the risk of cubital tunnel syndrome, at least partly, because of the increase in the intraneural pressure in this position. People who have had a direct blow against the ulnar nerve are also at risk, as are those with marked varus or valgus deformity at the elbow. 3 Descatha et al, 4 working in Scandinavia, found that the major risk factors for cubital tunnel syndrome were obesity and holding a tool in a constant position, performing a repetitive task. The existence of other upper limb work-related musculoskeletal disorders was also found to be a risk factor. Such disorders include medial epicondylitis (golfers elbow) and other upper limb entrapment syndromes such as cervicobrachial neuralgia, carpal tunnel syndrome and radial tunnel syndrome. Kakosy 5 studied Hungarian workers operating vibrating tools and found an increased rate of upper limb neurology, including cubital tunnel syndrome in 42.5% of 167 patients.
The American and Japanese literature places a heavy emphasis on the susceptibility of baseball throwers to cubital tunnel syndrome. Ulnar nerve symptoms during that part of the throwing cycle that involves extreme flexion (late cocking, early acceleration) is strongly suggestive of cubital tunnel syndrome. 6 Seror and Nathan 7 investigated 882 French and 818 American patients who had upper limb electrical tests. In both countries, the risk of an abnormal electrical test was 2 to 1 for wrist versus elbow. However, a median nerve with an abnormal electrical test was twice as likely to be symptomatic as an ulnar nerve with abnormal electrical tests, with the result that the ratio of median to ulnar clinical problems was 4 to 1. These results imply that, in some patients with carpal tunnel syndrome who continue to have symptoms after surgery, the underlying problem may be an undiagnosed cubital tunnel syndrome.
MECHANISMS FOR PERIPHERAL NERVE DAMAGE
Compression, traction and friction have been implicated in cubital tunnel syndrome.
Compression is usually regarded as the principal mechanism of nerve damage in peripheral neuropathy. Damage may occur either by direct mechanical compression or by compression of the intrinsic blood supply to the nerve, which in turn causes local ischaemia. Mechanical compression forces of >30 mm Hg retard blood flow. 8 Similarly, compression has been shown to interfere with axonal transport pathways.
Larger fibres containing more myelin are more susceptible to compression than smaller non-myelinated fibres. 9 Compression is most effective at the edge of the compression area in the socalled ''edge effect''.
Pre-existing subclinical mechanical compression of the nerve at a different location (box 1) may increase the susceptibility of the same nerve to compression at a second, more distal, site (the so-called ''double crush'' phenomenon. 10 11 Previous injuries to the nerve may tether it to the walls of the tunnel, prevent normal sliding and expose it to traction injuries. Similarly, a tight tunnel may predispose the nerve to friction and compression.
DIABETES MELLITUS
Diabetes makes a nerve more vulnerable to compression. This may occur secondary to a microvascular injury in the nerve causing local ischaemia or by interfering with the innate metabolism of the nerve. There is evidence of damage to axonal transport in the nerve. Diabetes may increase the risk of damage in a manner similar to mechanical double crush. 12 
SYMPTOMS AND SIGNS OF ULNAR NERVE IMPINGEMENT
Patients with ulnar nerve compression at any level have altered sensation in the little and ring fingers. Indeed, in most patients, sensory loss is the first symptom to be reported. As the condition progresses, they may also notice clumsiness in the hand, as the ulnar nerve is the principal motor supply to the intrinsic muscles of the hand. In well-established cases, there may be marked wasting of the small muscles of the hand and the ulnar-sided muscles of the forearm.
The examining doctor may look for Froment's sign, overt clawing of the ulnar-innervated digits (usually the little and ring fingers) and abduction of the little fingers (Wartenberg's sign).
Inspection of the elbow in extension may show a valgus deformity, possibly secondary to a previous fracture around the elbow. Malunion after supracondylar fracture of the humerus can result in an adult cubitus valgus deformity, which in turn predisposes to a tardy ulnar nerve palsy. 13 In a non-traumatic case of cubital tunnel syndrome, the most likely cause is ulnar nerve entrapment, but the nerve can be compressed at any position along its length (box 1).
In the unusual case of compression in Guyon's canal, sensation is preserved over the dorsum of the hand. Here sensation is from the dorsal cutaneous branch of the ulnar nerve that comes off proximal to Guyon's canal, and therefore remains intact.
Tinel's sign should be positive over the cubital tunnel itself, although some surgeons find it easier to elicit Tinel's sign over the medial side of the humerus. 
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The elbow flexion test is a useful accurate provocative test for cubital tunnel syndrome. 14 
INVESTIGATIONS
In essence, cubital tunnel syndrome is a clinical diagnosis that is confirmed with nerve conduction studies.
In mild cases, nerve conduction studies may be normal. Electrodiagnostic tests must, however, be interpreted as part of the overall clinical picture. Nathan et al 15 compared preoperative and postoperative nerve conduction studies and observed that in some patients, although the objective finding of nerve conduction improved markedly, the patients described little or no improvement in symptoms.
x Rays around the elbow may show osteoarthritis, cubitus valgus or calcification in the medial collateral ligament, and should be taken if there is a history of pre-existing trauma or when the symptoms do not fit in with the clinical examination.
Magnetic resonance imaging 16 and ultrasound 17 have been proposed as investigations to confirm cubital tunnel syndrome, and are useful in showing lesions such as ganglions, neuromas or aneurysms of the ulnar artery in Guyon's canal causing compression neuropathy. In clinical practice, however, it is unusual to request these tests.
TREATMENT
Conservative treatment A diagnosis of cubital tunnel syndrome does not in itself necessitate surgery. Some authors have emphasised the importance of patient education.
For example, it is reasonable to suggest that the patient avoids provocative activities, such as protracted periods of elbow flexion.
Padua et al 18 studied the natural history of 24 patients with cubital tunnel syndrome who declined surgery. They observed that about half of their untreated patients reported improvement in symptoms at follow-up. This subjective improvement was supported by improvements in the nerve conduction velocities around the elbow. Most patients reported changing their arm posture after the diagnosis was made. This Italian study seems to confirm the anecdotal observation that mild cases of cubital tunnel syndrome may resolve spontaneously without surgical treatment.
Dellon et al 19 investigated 128 patients, of whom 43 had bilateral ulnar nerve compression. All patients were initially treated conservatively, although many required subsequent surgery. A history of elbow injury considerably worsened the outcome, but the results of pretreatment electrodiagnosis was not predictive of the need for surgery.
However, in a cooperative patient with objective neurology, most surgeons would recommend surgical release.
Surgical treatment for cubital tunnel syndrome All surgical procedures carry risk (box 2), and there is debate within the profession as to when we should operate on this condition.
In practice, surgical treatment is offered for more severe cases and where conservative management is deemed to have failed.
Surgical release involves incising longitudinally over the cubital tunnel to release the surrounding retinacular fibres. This procedure must be performed with some care, as damage to small branches of the nerve may lead to painful neuroma. Some surgeons simply decompress the nerve in situ whereas others attempt to mobilise the nerve freely and transpose it anteriorly out of the cubital tunnel.
Nathan et al 15 investigated 102 cases (74 patients) of cubital tunnel syndrome treated by simple decompression in situ. His study found that women did better than men, and also noted that postoperative weight gain was a bad prognostic sign. Interestingly, those patients who also had a carpal tunnel release did better, with the possible implication that many cases of cubital tunnel syndrome are complicated by undiagnosed carpal tunnel syndrome.
Some surgeons believe that a release should be supplemented by medial epicondylectomy. 20 21 This eliminates the medial epicondyle as a source of compression.
The remaining options involve transposition of the ulnar nerve, in which the surgeon moves the nerve anteriorly. This requires complete freeing of the nerve, and some surgeons consider this unnecessary, as damage to the blood supply (the vasa vasorum) may lead to a secondary ischaemic neuritis.
Such an approach also exposes the nerve to the possibility of secondary compression at the level of the ligament of Struthers or at the intermuscular septum, and most modern surgeons would therefore release these structures in the same procedure. The transposed nerve can then be left in one of three locations: subcutaneous, intramuscular or submuscular.
Fitzgerald et al 22 retrospectively investigated 20 patients of military service at an average follow-up of 24 months, and found that after submuscular nerve transposition, 19 of 20 patients had returned to active duties. Objective markers of hand function also improved. One patient developed permanent damage to his medial antebrachial cutaneous nerve. Of the 20 patients, 19 said they would undergo the procedure again.
Nabham et al 23 compared transposition of the ulnar nerve with simple decompression and found no difference in outcome. This randomised study of 66 patients led the authors to recommend decompression in situ for the ulnar nerve, as more elaborate techniques carry the risk of long-term elbow instability.
Some authors investigated the specific problem of longestablished severe ulnar nerve compression (McGowan grade 3). Matsuzaki et al 24 studied a series of 15 patients with severe cubital tunnel syndrome which included marked wasting of intrinsic muscles, claw hand deformity and immeasurable (electrically silent) nerve conduction studies. Functional improvement beyond 2 years was observed in this group, although patients .70 years of age showed a slower recovery (box 3).
In the past decade, various authors have described endoscopic release of the ulnar nerve. 25 26 Tsai et al 25 described a series of 76 patients (85 elbows) treated by endoscopic release of the tunnel. The authors concluded that endoscopic release is a safe and reliable treatment for the condition, particularly in patients with mild to moderate symptoms.
However, it should be remembered that the proponents of endoscopic release are attempting to replace a well-understood and often-performed open procedure with a technically demanding alternative that requires specialist equipment. Open surgery for this condition is not associated with a long or obvious scar, and the obvious gain of endoscopic release-a smaller incision-will not be enough to convince all surgeons of the technique. Education of patients and orthotics may help to relieve symptoms, but in more severe cases surgical release is effective. There is ongoing debate within the profession as to what constitutes the optimum surgical approach. The procedure is associated with some risk of complications, and persistent cases referred for re-exploration may not respond to surgery.
